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Achieving change in individual and organisational behaviour to meet the challenges of global environmental change will be seen as a defining benchmark for our generation. Global environmental change challenges characteristically require inter-sectoral, multi-level responses within a fundamentally unpredictable complex systems framework. Here I focus on adaptation to climate change as an exemplar of these. Models of change that stress movement through phases of awareness, relevance, acceptance of agency and then action help to show that different motivators are required at different phases. Coupled with resilience theory and models of incremental and transformative change, they also help to identify what different modes of response should be targeted to different types of problem, and hence how engagement for change may be appropriately constructed. In the context of climate change adaptation, this leads to an enriched idea of adaptation pathways that meet many of the characteristics of global environmental changes.
The theme of this chapter is requisite complexity in responses to change-that is, 'one size does not fit all, but it is not helpful to have an indefinite number of sizes'. I explore this theme in the context of human change in response to global environmental change (e.g. Steffen et al. 2004 ). Responding to global environmental change in ways which are sufficiently but not excessively complex is a defining challenge for our generation, the first to really recognise that the human race is affecting sustainability at a global scale and the first, in science at least, to explore deeply the complex connectivities of social-ecological systems (Liu et al. 2007 ).
The nature and significance of global environmental change
Global environmental change refers to a suite of environmental impacts caused by human beings which are recognised as having effects that are global in scale. Indeed, the magnitude of these impacts has led to the proposal that we have entered a new geological epoch, the Anthropocene (Crutzen and Steffen 2003 ). An early recognised global environmental change was the hole in the ozone layer, where the emission of chlorofluorocarbon refrigerants mostly in the northern hemisphere was found to be dramatically affecting the ozone layer over Antarctica. Whilst climate change is today's iconic global environmental change, others include changes in the global water cycle, the global nitrogen and phosphorus cycles, ocean acidification, ecosystem loss and atmospheric pollution. These have been canvassed under the idea of nine planetary boundaries (Rockström et al. 2009 ) within which the world needs to stay to have confidence that the planet will continue to function in the relatively benign state that it has during the past 8,000 years. In this time, modern civilisation, agriculture, cities and technologies have developed. Of the nine boundaries, we have probably already transgressed three (Rockström et al. 2009 ). The concept of a 'safe operating space' with boundaries is a significant change from an engineering view of optimising our responses towards a specific desired future, since it does not seek to specify our collective actions within that space.
In general, these global environmental changes share some key attributes that interact with human decision-making. They all show a significant increase in their rates of change over the past 50 years-the so-called 'great acceleration' (see Figures 15 and 16 in Steffen 2010) -to the extent that the rates of human learning and decision-making processes risk being outstripped. They are all occurring at a spatial scale which seems far beyond the influence of individual humans. For most of them, it is certain that there is major change occurring on a decadal to centennial timeframe, but there is considerable uncertainty about where that change will end up and what impacts it will have. A large part of this uncertainty is a result of not knowing whether humanity will choose to respond to mitigate the changes.
This chapter takes climate change as an exemplar of the other global environmental changes. We now face the prospect of at least 2°C and up to 6°C of global warming by 2100 (IPCC 2007 , Huntingford et al. 2012 . Change is certain, but its magnitude depends greatly on human decisions. As with other global environmental changes, humanity must negotiate a balance between mitigating the magnitude of change and adapting to the changes which it is too late to mitigate. In some ways, adaptation to climate change has the same challenges as adapting to other drivers in society-planning for population increase, allowing for changing exchange rates, innovating into new technological markets. But whilst these contain uncertainty, only climate change exhibits so much certainty of major directional change over the long term, combined with uncertainty about the detailed trajectory.
This uncertainty presents a core challenge for climate adaptation, with many downstream implications. For example, issues of valuing the future compared with today; shifting risk management thinking from optimal solutions to robust decision-making; balancing short-term incremental change with harder, longer lead time, transformational change; placing everything in adaptive management and adaptive governance cycles rather than a one-off decision. A further key challenge is that adaptation responses need to be highly contextual; as a consequence, research tends to result in many case studies, but a limited ability to generalise these predictably for other contexts. We now turn to explore these issues.
Models of human response
A number of building blocks are emerging from the science of climate adaptation. To enable adaptation, people and organisations need to go through a sequence of steps ( Figure 1 ) from initially understanding that there is an issue of climate change, to understanding their own vulnerability to climate change, to developing a sense of responsibility for responding to this vulnerability, to having a willingness to engage in adaptation planning, to acting on planning and implementation (Gardner et al. 2009) . Recognising this sequence is important, because there are different drivers and barriers for moving from one step to the next, and people or organisations at different steps require different information to help them move onwards. Secondly, the characteristics of global environmental change problems noted above create specific difficulties for human cognition. Hamilton and Kasser (2009) note three categories of psychological strategies for responding to the prospect of severe climate change, ranging from various denial strategies, through a suite of maladaptive coping strategies, to genuinely adaptive coping strategies (see Table 1 in Stafford Smith et al. 2011 ). Understanding these is essential if people are to be facilitated through small steps on to the path of accepting the need to act; Crompton and Kasser (2009) suggest specific actions to encourage a move towards the adaptive strategies. However, there are also cognitive barriers to responding, particularly related to handling and misinterpreting long-term uncertainty (Weber 2006 ). Bazerman (2006) describes these as positive illusions (that a problem is not serious), egocentrism (interpreting events in a selfserving manner), over-discounting the future, privileging the status quo, and vividness (over-weighting personal experience). These mostly apply as much to organisational decision-making as they do to individuals, but are exacerbated by organisational silos and special interests that are legitimatised by corporate laws (e.g. the need to deliver short-term returns to shareholders). Collectively, these attributes provide hints towards facilitating change.
Thirdly, some change needs to be more than incremental (Kates et al. 2012 , Park et al. 2012 . Howden et al. (2010) explored the nature of incremental, transitional and transformational responses to climate change in agriculture, and noted that transformational change is more risky and expensive. It is also more cognitively challenging and has a longer lead-time (Stafford Smith et al. 2011) . In reality, responses need to be seen as a continual cycle of incremental and transformational change (Park et al. 2012) , adding further complexity to an overall adaptive cycle but converging with concepts such as triple loop learning (e.g. Chapin et al. 2009 , Pahl-Wostl 2009 .
Fourthly, there is a vast literature on organisational innovation, adoption and change (e.g. Greenhalgh et al. 2004 , Pentland et al. 2011 , Berkhout 2012 . This is valuable in identifying many factors which may play a role in different contexts, such as leadership, structure, trigger events, resources and timing, but the literature struggles to get beyond shopping lists of such potential influences to be predictive in different contexts. Some of our own recent work has explored the issue of mainstreaming in the climate adaptation domain. In conversations with champions for adaptation in various organisations, for example, we have found that where the locus of influence for acting on climate change resides in the organisation's executive function, it is far easier to trigger implementation than when the locus is elsewhere. In the former case, interview responses focus on the nature of business-as-usual in different parts of the organisation. In the latter, conversations concentrate on the attributes of the champion, such as their ability to network with other parts of the organisation and in various ways achieve implementation despite (rather than because of) the structure.
Responses in climate adaptation
How should we respond to these issues in adapting to climate change, as an example of global environmental changes? First, let us distinguish three functionally different response roles. There is a commonplace narrative that asserts 'all adaptation is local', with the corollary that the role of government is simply to set the context within which local communities or businesses make decisions. In reality, adaptation decisions can be made at any scale, including in government, and so can 'policy' decisions that set the context for other decision-makers (Palutikof et al. 2013) , but the two roles-in implementation and context-setting-are functionally useful to distinguish. The third role I wish to consider a little is that of researchers. Here I will abbreviate these functional roles as adaptation action, policy and research respectively.
Next, it is notable that climate change, as with many other environmental changes, has largely been approached through a problem-oriented framing. For good reason, climate scientists spent many years trying to show that there really was a problem which was worth tackling, and the Intergovernmental Panel on Climate Change process and report structure still emphasise the potential for climate change first, and its implications in terms of impacts and possible mitigation second. One result of this is the strong primacy of a hazard approach to impacts and vulnerability (Wolf 2012 )-exposure and sensitivity defining impact, and impact and adaptive capacity defining residual vulnerability (Figure 2) . Aside from a variety of technical and conceptual faults with this framing, it focuses attention on the problem of vulnerability rather than on potential response options; it also tends to give the impression that all actions will eventually be affected by climate change (potentially true), leading to paralysis or denial. Another result is that uncertainty in the climate projections is perceived to 'cascade' through impacts and vulnerability, with uncertainty increasing at each step to further challenge any ability to make decisions (Stainforth et al. 2007) (Figure 3 ). These effects immediately play into undermining human responses. There is an increasing understanding that continuing to batter people with the problem rather than with solutions simply turns them off, particularly when that problem seems a long way into the future. And, whilst there are genuinely important uncertainties, overemphasising these again sparks all the cognitive challenges mentioned above. In fact, there has long been an alternative but muffled framing which is decision-centred rather than problem-oriented. This traces its antecedents to the adaptive management literature (e.g. Walters 1986 , Walters and Holling 1990 ), and has been readily available in the context of adapting to climate change for at least a decade through the efforts of UKCIP, formerly the UK Climate Impacts Programme (e.g. Willows and Connell 2003) ( Figure 4) . As decision-makers have increasingly turned to wanting to act on adaptation rather than just worry about whether climate change is real, this line of thinking has come more to the fore (Stafford Smith et al. 2011 , Haasnoot et al. 2013 , but is still not widely embedded in the thinking of adaptation policy, so that those seeking to plan for adaptation action often get stuck at the point of considering distant and uncertain impacts and vulnerabilities. Additionally, much research continues to emphasise the problem-oriented framing, due to the distance of most researchers from decision-makers, and a strongly entrenched dominance of climate science (Sarewitz and Pielke 2007) . A decision-centred framing resolves several problems. It asks, 'What decisions do either policy or action decision-makers face now?', and then, 'Which of these may be affected by future climate change?' Since most decisions have a lifetime that is quite short, this immediately narrows down the otherwise overwhelming suite of decisions that might be affected by climate change to a much smaller number (Stafford Smith et al. 2011) . It also enables an assessment of the particular element of climate change that may affect each individual decision, and then a characterisation of the nature of uncertainty in that element, rather than being clouded by a pervasive sense of overall uncertainty. Indeed, when put in the context of other sources of uncertainty related to the decision, it may turn out that the climate uncertainty is not actually important-far from cascading, at times the implications of climate uncertainty may instead be attenuated. Where uncertainty remains, various ways of mitigating decision risk can be drawn upon (Hallegatte 2009 ) and the set of choices can be dynamically redefined through a series of potential adaptation pathways ( Figure 5 ) out into the future wherein not all problems have to be solved at once (Haasnoot et al. 2013 , Wise et al. 2014 . Not all decisions can be so broken up, but most can: essentially decision-centred framing is replacing single shot, long-range artillery with its challenging need to get everything right in one go despite the risk of unexpected winds, with a game of golf, zigzagging adaptively up the fairway, 1 avoiding maladaptation and undesirable path contingency. Together these features facilitate adaptation action by making the process more relevant. They also highlight the need for adaptation policy decision-makers not to overemphasise vulnerability assessments. For researchers, a decision-driven conceptualisation would also better focus much adaptation research.
Reframing the issue not only helps reduce the cognitive gap between the information being provided and the decision-making environment of those actors who may need to respond, but also focuses attention on the context in which the decision is occurring. As reviewed by Wise et al. (2014) , Voß et al. (2007) identify a typology of contexts along a gradient of increasing complexity based on levels of uncertainty in knowledge, goals and distributed power, which can guide the appropriate choice of methodologies (e.g. Randall et al. 2012) . Where system functioning is well understood and future risks well characterised, goals or values are clear and there is a central decision-maker, problems are well suited to the rationalist reductionist approach to decision-making, and tools such as cost-benefit analysis are suitable. In relatively closed systems with a central locus of power and unambiguous goals (e.g. high reliability urban water supply systems), the 'knowledge problem' can be tackled through capability building, learning approaches and tools for decision-making under uncertainty (e.g. Dessai and van de Sluijs 2007, Hallegatte 2009 ). However, many complex systems contexts have a high degree of uncertainty in knowledge, as well as distributed power and ambivalent goals; in these there are no agreed values, and even the institutions intended to help resolve them may be contested or not exist, as can be the case in coastal responses to sea-level rise in Australia (Gorddard et al. 2012 ). In such circumstances, engagement processes, perhaps a deliberative democracy approach, and certainly an iterative approach to framing decision process are required, as is urged in strategic adaptive management (cf. Roux and Foxcroft 2011, Randall et al. 2012) . It is worth noting, however, that these more complex approaches are expensive in time and energy, so it is essential to identify cases where simpler, cheaper approaches are sufficient, as opposed to cases where these are likely to fail so that more complex approaches are justified.
Figure 5 Conceptualising dynamic adaptation pathways.
A decision-maker at point (a) can envision various pathways of action across a landscape that is moreor-less adaptive (hitting the ball down the fairway and avoiding the maladaptive rough, in the golfing analogy). At point (a), some decisions are likely to be maladaptive and should be avoided; there remain multiple possible pathways, of which one seems best at the time of initial decision-making. Following the analysis, this first step can therefore be taken with confidence, knowing that re-appraisal at point (b) may mean choosing the shift to path (g)-(e) instead. It is important to explicitly define the decision's points, which may be points in time, or other triggers such as sea level rise.
Source: Adapted from Wise et al. (2014) .
A decision-centred approach also emphasises the nature of the decision-maker themselves. Not only is this important in terms of the phases of readiness (Gardner et al. 2009 ) described earlier, but also in the ease of mainstreaming the topic even once the decision-maker is ready to consider it. If the implementation is close to current business-as-usual, it seems that the action can (and should for efficiency's sake) be readily mainstreamed; but where there is a major mismatch between the needed response and business-as-usual practices, then premature mainstreaming is likely to fail. This outcome is thus a conjoint property of both the needed response (itself related to the nature of the problem) and the characteristics of the decision-making individual or organisation-essentially a question of whether these aspects are 'in balance' or not. Even an organisation with very short-term planning horizons and low capacity may be able to cope with more incremental, shorter term, less contested responses, just as even a far-seeing, high capacity organisation may be challenged by very long-term transformative issues.
The concept of dynamic adaptation pathways can help to bring all these elements together and provide a structured approach of requisite complexity to complex decision-making that may otherwise dissolve into oversimplification or complexity-driven paralysis (Haasnoot et al. 2013 , Wise et al. 2014 ).
Conclusions
Thus some simple guidelines can emerge for dealing with complex global environmental changes, which enable actors to structure their approaches in ways which are cognitively achievable and appropriate to their roles in decisionmaking. The choice of responses must take account of the nature of the problem, of the actors and of their normal modes of operating; focusing on any single dimension is bound to be inadequate. Lenses such as power and equity can be taken into these attributes. People, communities and institutions will be at different stages of acceptance and response and need different information and tools to assist them on to the next stage. The specific problems they face in their own context will require different levels of responses, from simple amendments to business-as-usual operations to deeply challenging transformative changes to ways of thinking, and different tools and approaches are again required for these. And different actors in society need to recognise and play their different roles in supporting the responses. These statements seem to be very obvious and widely documented in their parts; and indeed applicable in triggering adaptive responses to changes with similar complex characteristics that inhibit decisionmaking well outside the arena of global environmental change. Yet they have not been salient in the way in which the climate change issue has been progressed over the past few decades, perhaps partly because our collective understanding has not seen how these approaches apply in the context of global complex systems problems. It is time we changed this.
